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ABSTRACT 
This thesis investigates the effects of interest rate rules on equilibrium 
determinacy in a cash-in-advance (CIA) economy. The conventional 
wisdom is that active interest rate rules, where the monetary authority 
responds to inflation by raising the real interest rate, render local 
equilibrium uniqueness. Conversely, the passive interest rate rules, 
where the monetary authority responds to inflation by reducing the real 
interest rate, generate local indeterminacy of equilibrium. We show that 
the uniqueness result depends on the nature of the CIA constraint. In 
particular, two popular approaches of CIA constraints are considered: (a) 
CIA applies to consumption only; (b) CIA applies to both consumption 
and investment. In a one-sector endogenous growth environment, we 
also characterize the global dynamics and find that passive interest rate 
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The choice of interest rate as an instrument for the monetary authority has 
long been a controversial issue in the history of monetary economics, espe-
cially in the seventies. Well known literature includes Poole (1970), Sargent 
and Wallace (1975) and McCallum (1981). Their main conclusion was there 
is a problem in uniquely determining the price level under interest rate policy 
because of the absence in nominal anchor.^ On the other hand, the recent 
resurgence in the study of interest rate policy has focused on the indetermi-
nacy of real allocation.^ In particular, a well known conventional wisdom is 
that an active rule, where the monetary authority fights inflation by raising 
the nominal interest rate by more than the increase in inflation, stabilizes the 
economy by ensuring equilibrium uniqueness in the real side of the economy. 
Conversely, a passive interest rate that responds by raising nominal interest 
rate by less than the increase in inflation would destabilize the economy by 
giving rise to indeterminacy of equilibrium and hence expectations-driven 
fluctuations. 
The recent resurgence has been initiated by two seminal empirical works 
iThis result was obtained in a non-optimising IS-LM framework. But the issue of 
price level indeterminacy also prevails in the context of optimising model. For a recent 
treatment, the reader is referred to Chapter 2 of Woodford (2003). 
2 Throughout the thesis, the terms monetary policy, interest rate policy and interest 
rate rules will be used interchangeably. 
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by Taylor (1993) and Clarida et al. (2000). Taylor (1993) first documents the 
monetary policy in the United States from 1984 to 1992 could be summarized 
by a simple feedback rule. The rule characterizes the Fed fund rates as a linear 
function of inflation and output gap. Taylor (1993) advocates for a active 
policy and especially emphasizes the coefficient attached to the inflation and 
argues it will stabilize the economy if the coefficient is above unity. Since 
his seminal paper, an active rule is usually referred as a simple Taylor rule.� 
In a related study, Clarida et al. (2000) explores the relationship between 
the stance of monetary policy and business cycle fluctuations from the late 
1960s through the early 1980s in the United States. They argue the oil 
crisis alone could not account for all of the economic slowdowns during the 
seventies, and in particular, the prolong persistence in high inflation rate 
could hardly be justified unless we allow for the corresponded accommodating 
monetary policy. Using GMM estimations, they find that the U.S. economy 
could be best summarized by following a passive rule before Paul Volcker 
was appointed as the Chairman of the Federal Reserve System, which they 
called the pre-Volcker years. On the contrary, they find the Fed has been 
following an active rules during the Volcker's administration and the present 
Greenspan's administration. This conforms to the finding of Taylor (1993) 
3 The simple Taylor rule only relates nominal interest rate as a function of inflation 
rate. The orginal Taylor's characterization involve both inflation rate and output gap, 
therefore, it is often referred as generalized Taylor rule in the literature. 
2 
and provides additional insights to the use of Taylor rules in stabilizing the 
economy. 
At the same time, a growing number of theoretical works have argued Tay-
lor rules ensure the macroeconomic stability in both flexible price and sticky 
price framework. For flexible price framework, well cited studies include 
Leeper (1991), Woodford (1994) and Schmitt-Grohe and Uribe (2000). For 
the sticky price framework, well known works include Bernanke and Wood-
ford (1997), Kerr and King (1996) and Rotemberg and Woodford (1999). 
These studies confirm Taylor rules can ensure the local stability around 
a target level of inflation. Several studies, most notably, Rotemberg and 
Woodford (1999) further demonstrate Taylor rule is the optimal monetary 
policy in which it minimizes a quadratic loss function of inflation and output 
deviations from their respective target levels. 
However, there are recent challenges to the use of Taylor rules. Benhabib 
et al. (2001a) first argue whether Taylor rules are stabilizing depend crucially 
on how money enter into the economy. In both flexible price and sticky price 
models where money is assumed to affect both preference and production, 
if consumption and real money balances are Edgeworth substitutes, they 
show that the conventional wisdom is reversed where only passive rules en-
sure equilibrium uniqueness and active rules may give rise to indeterminacy. 
If consumption and real money balances are Edgeworth conplements, then 
3 ‘ 
equilibrium dynamics are ambiguous for both active and passive rules.^ Their 
result is robust to alternative fiscal policy regimes and the inclusion of for-
ward and backward elements of inflation targets. Benhabib et al. (2001b) 
further argue there are two important methodological shortcomings in the 
literature. Firstly, most of the analysis only confine to a local neighborhood 
of the intended targets where the monetary policy is active. Secondly, many 
studies ignore the fact that nominal interest rates are bounded below by 
zero. They show that when the zero bound of nominal interest rate and the 
steady state Fisher equation are taken into account, there must exist another 
unintended steady state inflation rate and qualified as equilibrium. At the 
unintended steady state in which monetary policy is passive one, the low 
inflation rate and deflationary environment drive the nominal interest rate 
close to zero. Furthermore, they show that the unintended steady state is 
locally indeterminate and there exist saddle-path connection linking up the 
two steady states.^ Depending on the parameter's value, for trajectories ar-
bitrarily close to the intended targets, the economy may experience periodic 
fluctuations (limit cycles) around the intended targets or may even converge 
to the unintended steady state where the economy may fall into a liquidity 
trap. In an endowment economy with non-separable labor leisure choice, 
4 The reader is referred to Table 1 for a summary for the result of the cited literature. 
5 See Figure 1 which is reproduced from Benhabib et al. (2002) for a graphical 
illustration. 
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Meng (2002) shows that whether active rules generate indeterminacy depend 
on the curvature of the utility function and the value of the steady state infla-
tion rates. If the intertemporal elasticity of substitution is less than one, then 
active rule only guarantee equilibrium uniqueness when the steady state in-
flation rate is sufficiently low, but the equilibrium will be indeterminate when 
the steady state inflation rate is sufficiently high. This corroborates the main 
conclusion by Benhabib et al. (2001b and 2002) where local analysis is not 
sufficient and may be very misleading when one looks into the global picture. 
[Table 1 and Figure 1 Here] 
It is a common practice to ignore capital accumulation in monetary mod-
els. By assuming a fixed capital stock, the researcher can save a lot of com-
putational works because it lowers the dimension of the state-spaces，and 
it was quite a reasonable assumption in the past. However, by including a 
standard investment technology in a canonical sticky price, money in utility 
function economy, Dupor (2001) finds that only passive rules can render equi-
librium uniqueness and active rules lead to indeterminacy or non-existence 
of equilibrium. In his concluding remark, he questions why researchers have 
not modelled investment by arguing "....investment is a significant fraction 
of GDP [and] quarterly investment is more than four times as volatile as con-
sumption in the post-war U.S. economy." (pp.107). Inspire by Dupor (2001) 
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argument for endogenizing investment, Meng and Yip (2003) bring back cap-
ital axxumulation in a flexible price, money in utility framework. They find 
that the present of capital helps stabilize the economy by inducing an "irrel-
evance" effect to the dynamics of the economy. In essence, the equilibrium 
dynamics is saddle-path stable and independent of the choice of interest rate 
policy in their model. 
Another line of arguments concern with the timing of different markets 
and trading environment. In a money in utility function model, Carlstrom 
and Fuerst (2001a) show that the dynamics crucially depends on which 
money balances enter the utility function. They distinguish the money bal-
ances under two different trading environments: the “cash-in-advance“ (CIA) 
timing and the "cash-when-I'm-done" (CWID) timing. Under CIA timing, 
the money available to the consumer (and hence entering into their utility 
functional) is the money the consumer has left after leaving the financial 
market but before entering the goods market. On the other hand, under 
CWID timing, the money available to the consumer is the money which has 
remained after the consumer leaves the financial market and the goods mar-
kets. In other words, it is the end of the period money balance that should 
enter into the consumer's utility functional under the CWID timing. Carl-
strom and Fuerst (2001a) show that all the above-cited literature assume 




sume a CIA timing. They suggest researchers must be very careful in the 
basics of the models, especially when the underlying framework is a money 
in utility function. 
Inspired by way how money is introduced into the economy, the need for 
endogenous investment and the choice between CWID and CIA timing, the 
present thesis re-investigates the effect of interest rate policy on the equi-
librium determinacy in a flexible price, CIA economy with investment. In 
particular, we consider two popular CIA constraints. The first is the CIA con-
straint adopted in Glower (1967) and Lucas (1981), where money is required 
prior to the purchase of consumption goods. Another popular specification 
we choose is the Stockman (1981) type CIA constraint where the liquidity 
restriction is applied to both consumption and investment goods. Under the 
Clower-Lucas type CIA constraint, we re-establish the "irrelevance" prop-
erty postulated by Meng and Yip (2003). On the contrary, this property will 
break down in a Stockman type CIA economy. The conventional result is 
restored where active rules render equilibrium uniqueness, but indeterminacy 
is very likely to occur under passive rules. In an extension, the uniqueness 
result under active rules survive even if money affects both preferences and 
technology. 
Once we allow for endogenous investment and hence capital accumula-
tion, it is natural to investigate the relationship between the interest rate 
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policy and equilibrium determinacy in the context of endogenously growing 
economy. Of particular interest is whether the results obtained in the neo-
classical (exogenous) growth model would survive in the endogenous growth 
model. To my knowledge, Itaya and Mino (2002) is the first paper to inves-
tigate this issue under the monetary version of Benhabib and Farmer (1994) 
model. They find that the dynamic behaviors and the balanced growth char-
acterization are highly dependent to labor supply elasticity and the external 
effects of labor in the production function, as well as the choice of interest 
rate policy. Since their result are highly dependent on the assumed external-
ities and labor elasticity, it remain unclear the effect of interest rate policy 
alone on the determinacy condition in an endogenously ‘ growing economy. 
To this end, we abstract from labor-leisure choice and re-examine the same 
issue in a simple one sector AK growth model. We find that active rules not 
only render local uniqueness, but it's balanced growth path (BGP) is also 
uniquely pinned down. On the contrary, passive rules would generate not 
only indeterminacy of equilibra, but also the possibilities of multiple BGPs. 
The organization of the thesis is as follows. The next section describes 
the basic model with neoclassical investment in a CIA economy where the 
Clower-Lucas type CIA economy and the Stockman type CIA economy would 
be separately analyzed. Section 3 studies the same question under an endoge-
nous growth framework. Section 4 concludes. 
8 
1 
2 A Neoclassical Monetary Growth Model with 
Investment 
In this section, we examine a continuous time monetary growth model where 
money is introduced into the macroeconomy through a cash-in-advance (CIA) 
constraint. We consider two variant of CIA constraints, namely, the Glower(1967) 
and Lucas(1980) type CIA constraint where money must be held in advance 
to purchase consumption goods, and the Stockman (1981) type CIA con-
straint where money is required for both consumption and investment goods 
purchases.6 By considering a Stockman type CIA constraint, we follow Du-
por(2001) and Meng and Yip (2003) to allow for neoclassical investment in 
the analysis. 
2.1 The Economic Environment 
Households.— The economy consists of a large number of identical household-
firms, each of them seeks to maximize the following life-time utility: 
poo 
Max / U (c) e-P'dt (1) Jo 
6 Another popular variant is the Lucas and Stokey (1987) cash-credit good model. 
Woodford (1994) provides a detailed comparison between interest rate policy and money 





where p and c denote the rate of time preference and (per-capita) consump-
tion. The The instantaneous utility function is assumed to be strictly in-
creasing and strictly concave, (i.e. Uc> 0 > UccY The household may hold 
wealth as either physical capital, money or nominal bonds. The nominal 
bonds pay the nominal interest rate Rt > 0. The law of motion for capital is 
k = i-6k (2) 
where k is the stock of (per-capita) capital, i denotes (per-capita) physical 
investment and capital depreciates at rate 6 G [0,1). The real value of non-
capital wealth a 三 m + 6 (i.e.. money and nominal bonds) evolves according 
to 
a = (R-TT)a + f ( k ) - R m - i - r - c (3) 
m = M/P denotes (per capita) real money balances (M and P denote nom-
inal money balances and nominal price level respectively) and tt 三 P! P is 
the inflation rate. Household has perfect foresight which takes price and 
lump-sum transfer r as given. The household also has access to a technology 
/ (k) which transforms capital into consumption goods. The neoclassical 
^Uc and Ucc denote the first- and second-order derivative of U respectively. 
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production function f {k) is assumed to be strictly increasing and strictly 
concave(i.e. fk>0> fkk)- Finally, money is introduced to the macroecon-
omy through a generalized CIA constraint, that is 
c + < m (4) 
where • G [0,1]. Throughout this thesis, we will assume that the CIA pa-
rameter • take up the extreme values(i.e. when (/> = 0 and when = 1). The 
case where • = Q indicates that we are considering the Clower-Lucas type 
CIA constraint and 0 = 1 indicates that we are considering the Stockman 
type CIA constraint.8 
The household chooses sequences for c, m, k and a so as to maximize (1) 
subject to (2)-(4) and the standard no-Ponzi-game condition, taking as given 
the initial conditions, ao, ko and the time path of r , R and tt. The current 
value Hamiltonian is: 
H = U (c)+A [{R-'K)a + f { k ) - Rm-r-c- i]+Afc [i — (m-c- (j)i) 
where A and A^  are the costate variables for a and k respectively and iJj is 
8 For a general case where (j) takes up in between values, the reader is referred to Yip 
and Li (2003). 
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the Lagrangian multiplier for (4) 
The optimality conditions are: 
Uc{c) = X-{-iP (5) 
^ = RX (6) 
X + (f>iJ = Xk (7) 
A = A (p + TT - i?) (8) 
Xk = {p + S ) X k - X M k ) (9) 
as well as the transversality condition for (2) and (3) and the laws of motion 
for k and a. Finally, goods market equilibrium yield 
k = f{k)-c-6k (10) 
The Government — Following Leeper(1991) and Benhabib et al. (2001a), 
we assumed the monetary authority sets the nominal interest rate as a func-
tion of current inflation rate. Specifically, 
. R = R{7T) (11) 
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where R(-) is continuous, nondecreasing, and strictly positive. We assume 
that there exists a unique steady state inflation rate w* that solve the Fisher 
equation, (i.e. R(7r*) = p+S+n*).^^^ We refer the monetary policy as active 
if R' (tt*) > 1 and passive if R' (tt*) < l .u We further assume R' (tt*) ^ 1. 
Government purchases are assumed to be zero at all times and therefore 
the government budget constraint is given by 
d>Erh + i) = [R — 7T)b — nm — r 
Following Benhabib et al. (2001b), the fiscal policy can be summarized into 
two different categories: the Ricardian fiscal policies and the non-Ricardian 
fiscal policies. The Ricardian fiscal policy ensures the present discounted 
value of total government liabilities converges to zero both in and off equilib-
rium. Or more formally, the transversality condition (3) should be satisfied 
at all times. One special type of Ricardian fiscal policy is the balanced-
budget rule where the tax revenues are equal to the interest payments on 
the debts. On the other hand, a particular example for non-Ricardian fiscal 
policy consists of an exogenous path for lump-sum taxes. 
9 The asterisk * denotes the steady-state value of a variable. 
If we relax this assumption and take into the account of the zero bound for nominal 
interest rate, there must another steady state of inflation that satisfy the Fisher equation. 
For a detail analysis, the reader is referred to the section 3 of present thesis for an analysis 
in an endogenous growth setting or Benhabib et al. (2001b) for an analysis without capital. 
11 R' denotes the derivative of R with respect to tt. 
13 
The recent literature on the fiscal theory of price level argues the deter-
mination of price level (or nominal determinacy) depends only on the choice 
of fiscal policy. Under the assumption that the fiscal policy is Ricardian, one 
can show we always have a problem in uniquely determining the price level 
P at each instant (nominal indeterminacy), which resembles the classic re-
sult by Sargent and Wallace (1975). 12 Conversely, the price level is uniquely 
pinned down if we assumed non-Ricardian fiscal policy. ^ ^ Since our focus is 
concern with the determinacy of real allocation, and therefore we will assume 
Ricardian fiscal policy throughout this thesis.丄彳 We will show that the de-
terminacy of real allocation is dependent on the type of the CIA constraints 
and the choice of the interest rate policy. 
2.2 Equilibrium Dynamics 
2.2.1 The Glower Lucas Model 
When 0 = 0, the optimality conditions reduced to: 
12 This thesis mentions three different types of indeterminacies, namely, nominal inde-
terminacy, real indeterminacy in local sense, and global indeterminacy (multiple steady 
states). Unless otherwise stated, the word "indeterminacy" normally refers to the second 
one. 
For details, see Benhabib et al. (2001a) and Woodford (2003) 
14 This assumption is standard for analyzing real determinacy in flexible price model, 
as in Meng (2002) and Meng and Yip (2003). However, we must remind the reader the 
stance of fiscal policy will also be crucial. For details, see Benhabib et al. (2001a). 
14 
C/e(c) = (l + i?(7r))A (12) 
X = Xk (13) 
X = X{p + 7r-R{7r)) (14) 
h = {p + 6 ) X k - X M k ) (15) 
k = f(k)-c-6k (16) 
together with the transversality condition for (2) and (3). In addition, the 
CIA constraint holds with equality. ^ ^ 
c = m (17) 
In equilibrium, (12) equates the marginal utility of consumption to the "ef-
fective" shadow price of consumption. The term (1 + R) can be regarded 
as a distortion generated by the CIA constraints. It arises simply because 
any non-cash wealth, which includes capital and nominal bonds, has to be 
liquidized in order to purchase the consumption goods. This corresponds to 
Glower's (1967) dictum that money buys goods, and goods buy money, but 
15 One can show that positive nominal interest rate ensures the equality of the CIA 
constraint. 
15 
goods do not buy goods. 
In the absense of arbitrage opportunites, equation (13) states that the 
shadow price of non-capital wealth must be equal to that of capital. To see 
it more clearly, combining (13) - (15), we have 
h{k)-6 = R{7r)-7r (18) 
which says that the net return in investing capital must be equal to the net 
return of holding nominal bond and money. 
We now proceed to the dynamics of Clower-Lucas CIA model. By total 
differentiating (12) and (18)，we can solve for c and tt as a function of A and 
k. (i.e. c = c(A, k) and it = tt (fc))^ ® where 
dc/dX = {1 + R) /Ucc. dc/dk = XfkkR'/Ucc {R' - 1) (19) 
d7r/dk = h k / { R ' - l ) (20) 
Substituting (11), (19) and (20) into the dynamic equations (14) and (16), 
it then suffices to solve the following two dynamic equations 
X = X[p-\-7r{k)- R{7r (A;))] (21) 
16 Such a solution exists by implicit function theorem since we have assumed R' (tt) — 1. I 
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k = f(k)-c{X,k)-6k (22) 
Given an equilibrium sequence for A and k, equations (12),(17)—(20) uniquely 
determine the equilibrium sequences {c, m, tt, R} recursively. In a neighbor-
hood around (A*, k*), the equilibrium paths of A and k can be approximated 
by the solutions to the following linearization of (21) and (22) around {A*, k*} 
( . \ ( \ A ( A-A* 1 =Ji V) v ^ - ^ v 
where the Jacobian matrix Ji is given by^^ 
0 -\*fkk 
-(l + i?(7r*))/t/cc R{7T*)-7r-dc/dk 
Since det(Ji) = -X*fkk (1 + i?(7r*)) /Ucc < 0, the Jacobian matrix Ji has 
two eigenvalues with opposite signs. In a one pre-determined and one jump 
variable system, there is a unique saddlepath that converges to the steady 
state. We summarizes the result in the following proposition. 
Proposition 1 In an economy under Clower-Lucas type CIA constraint, un-
der both active and passive monetary policies R' (tt*) > 1 and R' {tt*) < 1， 
there exists a unique perfect foresight equilibrium where all variables converge 
17 All derivatives are evaluated at their steady-state values. 
17 
asymptotically to the steady state. 
The above proposition is consistent with propostition 1 in Meng and Yip 
(2003) although their analysis is conducted in a money in utility function 
(MIUF) model. According to Feenstra (1986), the MIUF model is function-
ally equivalent to the transaction cost model He further demonstrates that 
either the shopping time model or the cash in advance model can be rewrit-
ten as a MIUF model with positive cross-derivative between consumption and 
money. Wang and Yip (1992), on the other hand, show the MIUF model is 
qualitatively equivalent to the Clower-Lucas CIA model. Therefore, it is 
not surprising that the dynamics in the Clower-Lucas CIA model mimic the 
MIUF model where equilibrium determinacy occurs regardless whether mon-
etary policy is active or passive. i8 In an economy without capital, there is no 
pre-determined variable and the dynamics can be summarized in a differen-
tial equation in tt and local indeterminacy can occur easily.^^. With endoge-
nous capital, the initial condition ko stabilizes the economy by introducing 
a saddlepath connection between the jump variable and the pre-determined 
variable. 
On the other hand, when we are considering Stockman CIA model, this 
18 We have to remind the reader the above analysis holds only under continuous time 
framework. 




connection will break down and equilibrium determinacy would be dependent 
on whether the assumed interest rate policy is ax t^ive or passive, as we would 
see it in the next subsection. 
2.2.2 The Stockman Model 
When 0 = 1 , the optimality conditions reduced to: 
t 
[/e(c) = (l + i?(7r))A (23) 
{l + R{'K))X = Xk (24) 
A=： A(p + 7r-i?(7r)) (25) 
A, 二 (p + (5)Afc — A/fc(/c) (26) 
k = f(k)-c-5k (27) 
4 
together with the transversality condition for (2) and (3). In addition, the 
CIA constraint holds with equality 
c-\-i = m (28) 
Likewise, (23) equates the marginal utility of consumption to the "effective" 
shadow price. Together with (24)，we observe this "effective" shadow price 
19 
of consumption must be equal to the shadow price of capital in equilibrium. 
As a result, this exists a wedge in the net return of investing in capital and 
the net return in holding money and nominal bonds. This is due to the fact 
that money is required prior to purchase both investment and consumption 
goods under Stockman CIA model and hence creates a monetary distortion 
to capital investment. 
We now characterize the dynamics in Stockman CIA model and show 
that equilibrium determinacy depends crucially on the choice of interest rate 
rules. 
Equations (23) and (24) can be used to solve c and tt as functions of A 
and 入 fc, (i.e. c = c{Xk) and tt 二 tt (久，A a；)  where 
dc/dXk = l/Ucc < 0 (29) 
dn/dX = -{l + R) i m < 0 and d'K/dXk = 1/R'X > 0 (30) 
Substituting (11) ’ (29) and (30) into the dynamic equations (25) — (27) ’ we 
have a 3x3 system in {A, A^；, A;} 
X = X[p + 7r{X,Xk)-R (tt (A,入 fc))] (31) 
� h = + Xk-Xfk{k) (32) 
20 
k = f {k) - c{Xk) - 6k (33) 
which completely describe the dynamics in a Stockman CIA model. Lin-
earizing (31) to (33) around the steady state (A*, XI, /c*), we have 
/ . \ / \ A A-A* 
Afc X , - X l (34) 
U' � 
where the Jacobian matrix Ji is given 
- ( 1 — + (1 - K) /R' 0 
J2= - ( p + (5)(l + i?(7r*)) p + 6 -X*fkk . 
0 - j t P + + 
The trace and the determinant of the Jacobian matrix J2 are given by: 
tr W = —(1 + 丑 丑 ' ) + (p + 卯 + ( O ) + p (35) 
det � = ( 1 + 丑 ( 兀 ; ) , ) " ' ) 孕 . (36) 
- r t U cc 
According to (36), det {J2) > (<)0 if we have passive (active) rules. Prom 
(35)，tr (J2) > 0 under active rules but is ambiguous under passive rules. 
20In deriving the jacobian determinant, we have used the fact in steady state, fk = 
21 
Thus, we can conclude: 
Proposition 2 For active policy rule where R' > 1，we must have two char-
acteristic roots with postive real parts and one chararcterisitc root with neg-
ative real part. The steady-state equilibrium is a saddle and there is no real 
indeterminacy. 
Proposition 3 For passive policy rule where i?' < 1, we either have three 
characteristic roots with postive real parts or one characteristic root with 
postive real part and two with negative real parts. In the latter case, real 
indeterminacy is possible. 
The intuition behind these results is as follows. Suppose consumption 
is reduced below its steady-state level, it follows that the nominal interest 
rate has to rise above its steady-state level as well. This in turn pushes 
up the shadow price of capital so that consumption falls further. Under 
active interest rate rules, the real interest rate also rises which then leads to 
a decline in capital stock. This lowers production and reduces consumption 
further from the steady state so that such a trajectory is not consistent with 
equilibrium. On the other hand, if the interest rate rule is passive, then 
the real interest rate falls instead. As a result, capital stock must rise so 
that consumption will increase and return to its steady state level. If this 
income-type effect dominates the effect of the shadow price of capital on 
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consumption, then the trajectory under consideration is consistent with the 
steady state equilibrium which completes the circle. 
In order to investigate further on real indeterminacy under passive rules, 
we note that a negative trace is a sufficient condition for real indeterminacy in 
this case. This sufficient condition is equivalent to the following restriction: 
1 + 聊*) _ o 刚、 
Notice that the steady-state inflation rate affects the nominal interest rate 
and hence the indeterminacy result. 21 We then have 
Corollary 4 For passive rule, if B! < B, we may have red indeterminacy. 
Numerical examples can be constructed as follows. Following Dupor 
(2001), we take p = 0.0045 in our quarterly model so as to reflect an an-
nual 1.8 percent discount rate. For the depreciation rate, we consider two 
different values. Following Dupor (2001) and most of the real business cycles 
literature, we set 二 0.025 to refect capital depreciates at 10 percent per 
annum. Stokey and Rebelo (1995), however, argue a depreciation rate of 10 
percent is too high. They calculate the average depreciation rate is a little 
t 
bit above 6 percent per annum from data on capital consumption allowance 
21 This result is similar to the findings in Meng (2002), whether indeterminacy can occur 
depends on the magnitude of the steady-state inflation rate. 
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and aggregate capital stock. Therefore, we set <^2 = 0.015 so as to match 6 
percent per annum. For the steady-state inflation rate tt*, we start from 0 
and all the way up to 1000 percent. The values of B is summarized in Table 
2. 
[Table 2 Here 
As B ranges from 0.967137 to 0.980480, we believe that the likelihood 
of indeterminacy under passive rules is quite high. 
We would like to compare our result in this section with Carlstrom and 
Fuerst (2001b). They analyze the same issue in a flexible CIA economy 
with both Clower-Lucas and Stockman CIA constraints, but they assume a 
discrete time environment. Under a current looking interest rate rule, they 
show that both active and passive rules generate indeterminacy in a Glower 
Lucas type CIA economy. On the other hand, if the CIA constraint is a 
Stockman one, then only active rules render uniqueness. Unlike the present 
thesis, their results suggest the likelihood of indeterminacy shrinks dramati-
cally when both consumption and investment are liquidity constrained. 
We conjecture their results depend crucially on the assumed timing en-
vironment and trading restriction. Specifically, they assume the CIA timing 
suggested by Carlstrom and Fuerst (2001a) where the consumer is restricted 
to visit the financial market and goods market at the same time. In order 
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to facilitate transaction in goods market, the consumer must travel to the 
financial market first where he or she receives lump sum monetary trans-
fer and decides how much bonds he or she wants to purchase. In today's 
highly sophisticated financial market, it is rather ad-hoc to restrict the con-
sumer cannot facilitate transactions in both market simultaneously. The 
continuous time environment, however, allow the consumer to do so because 
the time interval between financial market and goods market transactions is 
zero. Technically speaking, the reason why the determinacy conditions for 
discrete and continous time models do not always line up because different 
discrete time models converge to the same continuous time model. 22 For 
example, for the interest rate rule in (11), if the length of a period is r , 
then Rt = R (tt, + r) and Rt = R (TTt — r) will be the corresponding forward 
and backward looking versions in discrete time. If r -> 0, they all converge 
back to (11).23 Lastly, these timing assumptions are impossible to evaluate 
because time is not discrete in real world. 
2.2.3 Extension 
Motivated by the evidence that nonfinanical firms held more demand deposits 
in the U.S. for the past three decades, Benhabib et al. (2001a) question the 
22 There are also differences for constant money growth rule in continuous and discrete 
time models. See Palivos and Yip (2001) and Carlstrom and Fuerst (2003) for a discussion. 
23 We thank Chuck Carlstrom for pointing this example to us. 
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recent theoretical models by not modelling the demand for money by firms. 
They assume money affects not only preferences but also production possi-
bilities by formulating a money-in-production function (MIPF) to show that 
active rules may generate indeterminacy. Therefore, in this section, we pick 
up their challenge and follow Meng and Yip (2003) to include a role played 
by the demand for money by firms and investigate whether the uniqueness 
result under active rules would survive under the MIPF environment. 
The real money balances (m) have two components now: productive 
money {mP) and nonproductive money {m/^P) with m = mP + m叩.The 
CIA constraint of (4) is now replaced as ' 
c + < m叩 
The neoclassical production is now augmented as f {k,mP), where the func-
tion f (/c, mP) is strictly increasing and strictly concave in its arguments and 
we assume the production inputs are complementary to each other, i.e., 
fk〉0’ /爪〉0， f k k < 0, fmm < 0, fkkfmm > f L ^nd fkm > 0 
We would only consider the case where the CIA constraint applies to both 
consumption and investment goods, (i.e., (j) = 1). The case where the CIA 
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constraint applies to consumption goods only (i.e., 0 = 0) can be found in 
Meng and Yip (2003).24 The first-order conditions axe 
C7e(c)=:(l + i?(7r))A (38) 
fm{Km) = R{7r) (39) 
{l + R{n))X = Xk (40) 
A = A(/9 + 7r-i?(7r)) (41) 
Xk = {p-^6) Xk-Xfk{Km) (42) 
Using equations (38)aiid (40), we have c = c(Afc) ’ mP = mP(A, Afc’/c) and 
TT = TT (A, Ajt), where 
dc/dXk = l/Ucc < 0 
dm^/dk = - f m k / f m m > O^Om^/dX = -(1+i?)//讓A > � d m P / d \ = l/fmmX < 0 
dir/dX = - ( 1 + R)/H!X < 0,d7T/dXk = 1/H'A > 0 
Thus from equations (41),(42) and the goods market equilibrium condition, 
24 Although their analysis is conducted through a MIUF model, their model is isomorphic 
to a Glower Lucas CIA economy, as mentioned in p.19 of section 2.2.1. 
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we obtain a 3 X 3 systems in terms of A, Xk and k 
A = Xlp + n{KX,)-R(7T{XAk))] (43) 
= + (44) 
k = f[k,m^(X,X,,k)]-c{Xk)-6k (45) 
By linearization we have 
A A-A* 
Xk =J3 Afc- Al 
k k-k* 
where the Jacobian matrix J3 is given by 
- ^ 0 
J,= + — + p + 6 - ^ —入* ffmmfkk - f L \ 
IJ mm J Jmm \ Jmm J 
- ^ ( l + i?(兀 *)) (P + 句（1 + (兀 *)) 
_ A /mm A Jmm ^cc Jmm _ 
and the trace and determinant of the Jacobian matrix J3 are 
tr (J3) = + (TT*)) [p + t J - + fm) (46) 
九 Jmm 
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d e t (J3) = (1 - i? ' ) (/讓’ - / L ) (47) 
^^ U cc \ J mm J 
By the assumption that production inputs are complementary to each other 
[fkm > 0), it can be shown that if R' (tt*) > 1，then tr (J3) > 0 and 
det (J3) < 0. There exist a unique saddlepath that converges to the steady 
state. This confirms Meng and Yip (2003) finding where the addition of a 
predetermined variable k helps stabilize the economy for active rules, even if 
money enters in the production function. On the other hand, for passive rules 
we have a scenario very much like the previous model in which the determi-
； 
nant is positive and the trace is ambiguous and therefore indeterminacy is 
possible. Since our objective is to investigate whether MIPF affect the deter-
minacy conditions under active rules, we follow Meng and Yip (2003) by not 
investigating the dynamic property under passive rules because it crucially 
depends on the parameteriztions of the model. 
！ 
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3 An Endogenous AK Monetary Growth Model 
In this section, we extend the study of interest rate rules to one-sector en-
dogenous growth framework that pinoneerd by Romer (1986), Barro (1991) 
and Rebelo (1991). We postulate that the production function is a linear one, 
or the so called AK production function in the endogenous growth literature. 
The main characteristics for the AK production function is the absense of 
dimishing returns to capital. At first glance, it seems unrealistic and inap* 
porpiate to abstract from dimishing returns to capital. It seems plausible, 
however, when the capital include not only physical capital, but perhaps hu-
man capital and productive goverment expenditure. This class of production 
function enables the economy to experience perpetual growth and provide 
clues to answer the worldwide disparity of income. 
Unlike Itaya and Mino (2002), we abstract from labor-leisure choice to 
highlight the role of interest rate policy in the determinacy condition. Besides 
the Clower-Lucas CIA constraint considered in Itaya and Mino (2002), we 
also consider the case of Stockman CIA constraint. The economy consists 
of households and competitive firms. The representative agent maximize 
the following constant intertemporal elasticity of substitution (CIES) utility 
function 
30 
c -^o- — 1 max / —； e—P dt 
Jo 1-0-
and subject to^^ 
d = (R — tt) a + Ak — Rm — i — r - c 
k = i 
c-\-(t)k <m 
as well as the initial conditions for k and M. The term a is a constant 
parameter which represent the inverse of the intertemporal elasticity of sub-
stitution. As noted by Caballe and Santos (1993), the utility function must 
be in CIES form for the existence of an interior balanced e q u i l i b r i u m ? 
Setting up the current value Hamiltonian 
(T 一 1 
H = —； + A [(i? - TT) a + 4/c — + T - c - i] + 入jfci + (m - c -
1 — (7 
25 We ignore the depreciation in capital to simplify the analysis in this section, which is 
a common assumption in one-sector endogenous growth model. 
26 When (7 = 1, we have logarithmic utility. 
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The optimality conditions are: 
c 一 = A + (48) 
iP = RX (49) 
A + # = Afc (50) 
! 
A = A (p + TT - /?) (51) 
Xk = pAfc - AA (52) 
In addition, the goods market equilibrium condition yields 
k = Ak-c (53) 
Notice that the optimality conditions are nearly the same to previous section 
except the marginal product of capital has now been replaced by a constant 
A, which represents the level of technology in the economy. Therefore, the 
intuition for the optimality conditions in previous section can be extended 
to the present section without loss of generality. 
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I 
3.1 Local Analysis 
3.1.1 The Clower-Lucas Model 
When 0 = 0, Combining (48) — (49)，and taking logarithmic derivative with 
respect to time, the following equation can be derived 
c R' . , A , … (54) 
Next, Comibing (50) — (53)，we can solve 
R-'K = A (55) 
which is the analog of (18) under the endogenous growth setting except the 
marginal product of capital is now. a constant over time to sustain perpetual 
growth. Differentiating (55) with respect to time, one can easily show that 
TT = 0 because is a constant.�？ As a result, (54) collapse to standard Euler 
equation for consumption in AK model [cf. Barro (1991)] 
e = - = - { A - p ) (56) 
C <7 
27 This can be seen by the assumption El ^  1. 
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We let 9 be the constant growth rate of per capita consumption and perform 
a BGP analysis for the (monetary) equilibrium. By definition of a BGP, 
the rate of growth of each endogenous variable is constant (but may not be 
necessarily e q u a l ) . F r o m the goods market equilibrium (53), we obtain the 
consumption to capital ratio 
c , k —=A k k 
which is constant along a BGP because both k/k and A are constant. Thus 
(per capita) consumption and capital have to grow at the same rate, 6. The 
constancy of the marginal product of capital imply output and capital also 
have to grow at the same rate. When the CIA constraint holds with equality 
(cf. (17)), we know that cosumption and real money demand also have to 
grow at the same rate along a BGP. In summary 
“ c _ ± = i = e (57) k c m y 
For the costate variable, we can combine (50) — (52) and (56) to show that 
春 = 知 = ( 5 8 ) A Afc 
28We follow Lucas's (1988, p.9) definition of the balanced growth path. 
34 
Then, by defining z = c/A:, one can derive the following differential equation 
that completely describle the dynamics 
Z cr 
Evaluating the derivative dz/dz along a BGP, one finds 
dz n 
dz 
The equilibrium is unstable and independent of the interest rate rules. Since 
there is no initial condition for z (which is a jump variable), the system jumps 
to the BGP instantaneously. The BGP is locally determinate and there are no 
transitional dynamics, which is a well-known result for the Barro-Rebelo type 
AK growth model. Notice the similarity that monetary policy has no effect 
for the local dynamics between the neoclassical and the endogenous growth 
models when money is introduced through a Glower Lucas CIA constraint. 
But when money is introduced through a Stockman type CIA constraint, the 
choice of interest rate policy will have important influence to both local and 
global dynamics, as we will see it below. 
3.1.2 The Stockman Model 
When (/> = 1, from (48), (50) and (52), we can solve for 
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e = - = - ( ^ A - p] (59) c o \Xk / 
We have argued in previous section the Stockman type CIA constraint will 
distort the shadow price between A and A .^ That's why we observe (59) is 
different from (56) in the present environment. However, we can still show 
that (57) and (58) continue to hold when we assumed the CIA constraint is 
( . \ hold with equality, i.e. c + /c = m \ / 
By defining x = A/Aa： , together with (49) and (50), we can solve the 
inflation rate as a function of x, i.e. tt = tt (工),where 
芸 = - - < 。 （60) 
we can combine (60), the optimality conditions and the goods market equi-
librium condition to yield the following 2X2 systems in terms of x and ；2； 
- = - { A x - p)- A^z (61) z a 
-=7T{X)-R{'it + X 
By definition, the "transform" variables z and x should be stationary in 
steady-state, and solving for the steady-state, we have 
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？ = R � ( 6 2 ) A 
z* = A--(R(7r*)-7r*-p) a 
We notice that the system is a block-recursive one, once the evolution z and 
X have been found, we can use (60) to pin down the evolution of the inflation 
rate. Linearizing 2; and x along the BGP, we have 
=h W V " - " / 
where the Jacobian matrix J4 is given by 
[ 知 * \ 
J4 = • 
The trace and the determinant of the Jacobian matrix J4 are given by:^ ^ 
叫 ） 二 之 * + 工 ( 6 3 ) 
29 The block recursive nature reveals 2；* and x* A- are the eigenvalues of the 
Jacobian matrix J4. 
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det (J4) = - (1 —气)]. (64) I R' M ' J 
For active rules, it is easy to see both the trace and the determinat of the 
Jacobian matrix J4 are positive and this implies both characteristic roots 
have positive real parts. The dynamic equilibrium is a source and hence 
determinate because both z and x are jump variables. 
For passive rules, both the trace and the determinant axe ambiguous, they 
crucially depends on the sign of 
N 三 (65) 
In order to characterize the sign of N, we postulate the monetary authority 
set the policy rule as 
i?(7r) + p + + (66) 
In steady state, i?(7r*) = p + + and R' (tt*) = f . � � . using (62) and (66), 
we know that x* = p + aO/A. Then by manipulating (65), we can have the 
30The term a9 doesn't appear in neoclassical growth model because the growth rate 
(per efficiency unit) converges to zero asymptotically. 
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following relationship 
< ——^ (67) 
We can conclude under passive rule, if iV < 0, the determinant is negative 
and the dynamic equilibrium will be indeterminate. We should remind the 
reader once more that both z and x are jump variables and thus impossible to 
pin down the initial condition for z and x. Or put it differently, we observe 
local indeterminacy in the dynamic system as there exists a continuum of 
BGPs, making it impossible to predict which BGP will be chosen by the 
economy, based on the available information. 
We provide a numerical example to see the relationship between the policy 
rule parameter ^ and (67). We take Lucas's (1988) estimation to be a baseline 
parameterization and set p + cr没二 0.0675. We perturb this parameter within 
a 士20 percent margin to check for robustness. We also check the sensitivity 
of changing the parameter on the level of technology (A) and we report all 
the results in Table 3. As N ranges from 0.98075 to 0.99994, we believe that 
the likelihood of indeterminacy under passive rules is quite high. 
Table 3 here 
We summarize all the local analysis for the AK monetary growth model 
in the following proposition: 
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Proposition 5 In the AK monetary growth model, when money is intro-
duced through a Clower Lucas CIA, interest rate policy has no effect on the 
dynamics and hence the BGP is determinate. On the other hand, when 
money is introduced through a Stockman CIA, the BGP is determinate for 
active rules, and the BGP is very likely to be indeterminate for passive rules. 
We observe that the results are very similar to the neoclassical growth 
model except the restriction on the passive rules to generate local indetermi-
nacy. Comparing (37) and (67), it is easy to see that (67) does not involve the 
steady-state inflation rate. This means that the local indeterminacy result 
is independent of the steady-state inflation rate in an endogenous growing 
economy. 
.. I 
3.2 Global Analysis 
We will restrict our global analysis under the Stockman type CIA constraint 
as interest rate policy will have no effect under the Clower-Lucas type CIA 
constraint, which is summarized in proposition 5. In this subsection, we 
further argue that when the passive rules is set very close to a neutral interest 
rate (where ^ « 1), the economy will suffer from not only local indeterminacy, 
but also the problem of multiple BGPs (global indeterminacy). This provides 
a case against the passive interest rate rules in usual practice. 
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Prom (62), we can solve for the follwing steady state condition, 
Ar + 77 — = 0 (68) 
Equation (68) is a key equation in analyzing the global dynamics. We would 
show below how the use of passive rules will induce multiple shadow price 
ratio (rc) that can satisfy (68) and qualified as equilibrium. To proceed, one 
can derive the following equation by (50),(51) and the definition of x =入/入知 
R = - - l (69) 
X 
which implicitly defines nominal interest rate as a function of x.^ ^ Likewise, 
using (66) and (69)，one can also write the inflation rate as a function of x. 
—G 各1) _ 
where ^^  三（1 — Q 7r* + p + cr(9. Then, by substituting (69) and (70) into (68), 
31 The reader may find the similarities between (60) and (69). Technically, the derivative 
d-njdx in (60) is found by applying implicit function theorem around a small neighborhood 
of the steady state equilibirum. On the other hand, in deriving (69), we are looking at 
the global picture and not just focusing on a neighborhood of a particular steady state. 
Therefore (60) is no longer valid in this subsection. 
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the following quadratic equation in x can be derived 
奴 + (€-1-⑷工+ 1 — 4 = 0 (71) 
We define A = — 1 — Q)^ - AA^ (1 - which is the discriminant for 
the quadratic equation (71). We let the smaller root of (71) as x^ and the 
bigger one as As x is defined as the ratio between the shadow price 
of non-capital wealth to that of capital wealth, therefore the roots in (71) 
must be real and non-negative because shadow price can neither be negative, 
nor can it be complex. Furthermore, they must also be distinct to generate 
global indeterminacy. Straightforward calculation shows the following three 
necessary and sufficient conditions has to be satisfied simultaneously. 
Condition (a) Positive sum of roots 
1 + n ^ 1 + TT* + p + (70 
…= " ^ r ~〉 O o r “ 1 +厂 
Condition (b) Positive product of roots 
1 
3：1工2 = - j ^ > 0 or C < 1 
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Condition (c) Positive discriminant 
:(1 + 7r*)2 + 44] P - 2 [(1 + TT*) (TT* + p + (70) + 2A] { + (tt* + p + (jdf > 0 
Combining conditions (a) and (b) ensure both roots are non-negative. Con-
dition (c) require both roots axe real and distinct. We observe condition (c) 
is a quadratic problem in Letting the smaller root as (min and the bigger 
one as (max，we can charactize condition (c) by graphical method, which is 
provided in figure 2.32. 
Figure 2 here] 
To make our analysis more transparent, we define the following sets. Re-
gion X is defined as X ( 0 = e : ^ > Cmax} and Y as Y" ( 0 = e 
: ^ < €min} respectively. By definition, ii ^ e X {^)UY (^), condition (c) 
will be satisfied and therefore guaranteeing both xl and x^ axe real. However, 
(69) impose a non-negative condition for nominal interest rate, and we must 
ensure 0 < a；! < < 1. In Appendix 2, we show this is equivalent to the 
following condition: 
Of course, we have to guarantee real roots exist in condition (c) are real. As shown in 
appendix 1，it is sufficient to assume p + a9 < I 
4 3 
Condition (d) Non-negativity of nominal interest rate 
� 〉 — … * ， 1 + . - + 2 A } = ^ � 
where we define the set r ( 0 = e H+ : > m a ^ r *二 f � 
Under active rules where ^ > 1, we must have 1 > 0：2 > 0 > because 
condition (b) is violated. If we further assume the productivity factor A is 
not too low and p + aO < condition (c) and (d) will also be satisfied 
under active rules. Therefore, we may conclude: 
Proposition 6 Under Active rules where ^ > 1, there exist a unique BGP 
and the dynamics is globally determinate. 
We can summarize all the findings under active rules in a simple phase 
diagram in figure 3. Under active rules, there is only one positive x* that 
can solve (71) and perserve the non-negativity of nominal interest rate at the 
same time. The uniquely determined x* maps the corresponding 2；*. We have 
already shown local uniqueness prevail for active rules in previous subsection. 
Therefore, both local and global uniqueness hold under active rules. 
Figure 3 here] 
This assumption ensures both fractions inside the max operator are smaller than one. 
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For passive rules where ^ < 1, conditions (a)-(c) are all satisfied, but it 
is uncertain for condition (d). Therefore, we have two possible cases under 
passive rules and we summarize in the following proposition. 
Proposition 7 Under passive rules, there are two cases: 
( 0 u y (0) n r (0，then then under both ^ < ^^min or $ > ^max 
there exist two BGPs and hence the dynamics is global indeterminate. 
(ii) ^ e X (^)门 r(€)，then only if ^ > (max，there exist two BGPs and 
the dynamics is global indeterminate. 34 
But under two cases, we also have local indeterminacy. 
It is easy to see that the solutions in condition (d) depend on steady state 
of inflation (tt*) and examples for it can be constructed easily. Following the 
previous subsection, we set p + aO = 0.0675. For A, we set to 1. For steady 
state inflation rate, we set from 0% all the ways up to 1000%. Table 4 
summarizes the range of policy rules (i.e. the range of Q that will generate 
global indeterminacy under different steady state inflation rates. For low 
steady state inflation rate, we have the situation in case (ii) because Y � n 
r (^) = 0 . Under hyerinflationary environment, the situation will shift to 
case (i) where global indeterminacy occurs for wider range o f F i g u r e 4 
provides the corresponding phase diagram under passive rules. 
Actually, one can show that F (^) C X ( � ) u n d e r the assumptions A is not too low and 
p + ae <1. 
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[Table 4 and Figure 4 here 
In an endogenously growing economy, passive policy is very likely to 
generate both local and global indeterminacies when money is introduced 
through a Stockman CIA constraint. On the other hand, active rules ensure 
both local and global uniqueness under the same environment. The situation 
under passive rule will be more severe under hyperinflationary environment. 
This conclusion is similar to the argument made by Clardia et al. (2000) 
to explain why the U.S. economy suffered from prolong inflation during the 
seventies. 
Before closing his section, we should remind the readers to be cautious in 
interpreting our result on global indeterminacy under passive rules. As noted 
in the introduction, Benhabib et al. (2001b and 2002) have shown there must 
exist another unintended steady state inflation rate once we take into account 
of the zero bound on nominal interest rate. They show it is very likely for the 
economy to fall into liquidity trap under very reasonable parameterization. 
They provide some remedies to avoid falling into the liquidity trap. One 
of them is to keep targeting inflation near the intended target by interest 
rate policy and change to money growth rules when the economy begins to 
fall into the liquidity trap. The same reasoning also applies here to signal 
policymaker must be very careful in designing the interest rate policy. 
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4 Conclusion 
By considering both exogenous and endogenous growth models, this thesis 
has explored the relationship between interest rate policy and equilibrium 
determinacy in a continuous time, flexible price, CIA economy with endoge-
nous investment. When the underlying growth process is an exogenous one, 
in a model where consumption only is subjected to the CIA constraint, there 
is real determinacy regardless on the choice of interest rate policy. How-
ever, when both consumption and investment are subject to CIA constraint, 
we find passive rules generate real indeterminacy while active rules render 
uniqueness. This result is robust to the extension where money affect both 
preference and production possibilities. 
In an one-sector endogenous growth model, the local properties are es-
sentially the same to that of the exogenous growth model. In addition to the 
local dynamics, we have also investigated the global dynamics in the endoge-
nous growth setup. If both consumption and investment goods are liquidity 
constrained, we find that passive rules not only generate local indeterminacy, 
but also experience multiple BGPs. On the other hand, active rules ensure 
local uniqueness and its BGP can also be uniquely pinned down. However, 
the BGPs for both active rules and passive rules are unique if consumption 
alone is liquidity constrained. 
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We thus conclude that the investment margin and the assumption of the 
CIA constraint are indispensable to the determinacy regions. However, this 
conclusion is preliminary because we only consider the issue in a flexible price 
environment. Future work should investigate how these results are affected 
by the presence of nominal rigidities. It is interesting to see whether the as-
sumption of the CIA constraint would also matter in the sticky price model 
with endogenous investment. Another important question is how the inter-
action between physical capital and human capital would affect the results in 
the endogenous growth setup. This would be interesting to examine the effect 
of interest rate policy in a generalized two sector endogenous growth model 















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 2 Regions for local indeterminacy under passive rules for the 
neoclassical growth model 
The following table provides calibration for the Stockman CIA economy under section 
2.2.2. The column under B (where B is defined below) shows the critical values for 
generating local indeterminacy under different combinations of steady state inflation rates 
(7：*) and depreciation rates (5). Two different depreciation rates are considered: (a) 0.025 
(from Dupor (2001)) and (b) 0.015 (from Stokey and Rebelo (1995)) When the policy 
parameter is less than the critical value, local indeterminacy occurs, 
(i.e.R'<B => local indeterminacy) 
"“ Value ofB 
Steady state inflation rate (tu*) (a) Dupor's (b) Stokey and Rebelo's 
depreciation rate depreciation rate 
(5i=0.025) (52=0.015) 
0% 0.967137 0.976582 
10% 0.967516 0.976969 
50% 0.968531 0.978004 
100% 0.969232 0.978718 
250% 0.970135 0.979639 
500% 0.970639 0.980152 
1000% 0.970960 0.980480 
� T n p + 71：' 
Note: B = T 
{\ + p + 7t X1 + P +幻 
where p is the rate of time preference and is set to 0.0045 
52 
Table 3 Regions for local indeterminacy under passive rules for the one-sector 
endogenous growth model 
The following table provides calibration for the Stockman CIA economy under section 
3.1.2. The column under N (where N is defined below) shows the critical values for 
generating local indeterminacy under different combinations of the level of technology 
(A) and the growth rate parameter {p + cjO). The growth rate parameter is taken from 
Lucas (1988) and is perturbed within a ±20o/o margin. Similar to Table 2, when the 
policy parameter is less than the critical value, local indeterminacy occurs, 
(i.e. R'< N => local indeterminacy) 
Value of N 
Growth rate parameter 
Level of technology (A) -20% {p + CT0) +20% 
baseline 
0.99420 0.99097 0.98705 
1 0.99709 0.99546 0.99348 
5 0.99942 0.99909 0.99869 
10 0.99971 0.99955 0.99934 
25 0.99988 0.99982 0.99974 
50 0.99994 0.99910 0.99987 
^ 
Note: N =——： ^ 























































































































































































































































































































































































































































































































































































Figure 1 Taylor Rules, Zero Bound on nominal interest rate and liquidity Trap 
(reproduced from Benhabib et al. (2002 p.537)) 
The following figure shows the possibilities of multiple steady states and the potential for 
converging to a liquidity trap under a Taylor Rule R = R(/r}. The function R is an 
increasing and nonnegative function linking up the nominal interest rate R and the 
inflation rate n，which is the U-shape curve in the figure. The straight line represents the 
Fisher equation R = r + 7i\ where n* denotes steady state inflation rate. At the target 
inflation rate n*, the monetary authority is assumed to follow an active rule, in the spirit 
of a Taylor rule where i?' > 1. The figure clearly shows once the non-zero bound of 
nominal interest rate and the Fisher equation are taken into account, there must exist 
another unintended steady state inflation rate ；r^  in which the interest rate policy is 
passive R< 1. The arrows represent equilibrium trajectories and it clearly show the 
equilibrium dynamics in the unintended steady state 兀乙 is indeterminate. It further shows 
for equilibrium trajectory close to the target inflation rate TT* , it is possible for the 
economy to converge to the unintended steady state TT^ in which both the nominal 




Figure 2 The quadratic problem in condition (c) 
This figure graph condition (c) where the quadratic problem in ^ is reported below. We 
assume the steady state inflation rate (71*), the level of technology (A) and the growth rate 
parameter ( p + o•没）are all positive. We further assume {p + <j6)<\.ln Appendix 1，it 
can be shown that real roots exist and we refer them as m^in and m^ax- Define region X as 
:= > (磁} and region Y as := { � < }. By definition, any 专 that fall in 
either region X and region Y solves the quadratic problem, 
\ A 
Note: The quadratic problem is 
A 三[(1 + ;r*) + - 2[(1 + ； + p + cn9) + + (;r* + p + a ^ y > 0 
56 
Figure 3 Phase diagram under active rules for the one-sector endogenous growth 
model 
This figure graphs the phase diagram under active rule for the one-sector endogenous 
growth model presented in section 3.2. The downward sloping line represents the z = 0 
locus and the vertical straight line represents the x = 0 locus. The phase diagram shows 
there is a unique balanced growth path under active rules. 
z x = 0 
“ 吾 \ 
z = 0 \ 
• 
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Figure 4 Phase diagram under passive rules for the one-sector endogenous growth 
model 
This figure graphs the phase diagram under passive rule for the one-sector endogenous 
growth model presented in section 3.2. The downward sloping line represents the z = 0 
locus and the two vertical straight lines represent the x = 0 loci. The phase diagram 
clearly shows the possibility of multiple balanced growth paths under passive rules. 
7 jc = 0 z \ 





Appendix 1 Condition for guaranteeing the exis-
tence of real roots 
This appendix provides necessary and sufficient conditions that the solutions 
in condition (c) are positive, real and distinct. The problem is now reproduce 
as 
a^^ + + c = 0 
where a = [(1 + n*f + 4A],b = -2 [(1 + tt*) (tt* + p + aO) + 2 � and c -
(TT* + p + <jQ?. It is easy to see that 
十（max 一 [ ( 1 + TT^f + 4 A ] 
《m i n^a x _ [(工 + 兀 *)2 + 4⑷ 
which give a necessary and sufficient condition for both roots to be non-
negative. To guarantee the roots are real and distinct. The following in-
equality have to be met: 
{ - 2 [(1 + TT*) (TT* + + (jO) + 2A]}^ - 4 (tt* + + (jfff [(1 + TT*” + 4 A ] � 0 
59 
164 + (1 + TT*) (tt* + p + (76) - (TT* + p + aef] > 0 
A + I-K* + P + CJ9)[1- p + ae]>0 
Therefore, as long as p + cr^  < 1, we should have real and distinct roots. 
Appendix 2 Condition for non-negativity of nom-
inal interest rate 
We first rewrite the quadratic problem (71) as 
- 1 - n ) - 1 - n ) - 2 A ^ x = — 1 — n ) - 2 A ^ x 
where we have added - I - Cl)- 2A^x to the both sides of (71). If we 
define rr^  一 1 三 yi where, i = 1,2. We can transform the quadratic equation 
to be a function of y, 
物 2 + (2 炎 + + (72) 
Let iji be the two roots that solve (72). A necessary and sufficient condition 
for Xi < 1 to solve (71) is the roots in (72) are negative. If < 0 , by 
definition, we must have X i - 1 < 0 . Therefore, we must impose the following 
60 
conditions to ensure Xj < 1. 
歸2 ：二 > 0 or ^ > —^ 
Combining the above two conditions，we can get condition (d) as in the text. 
61 
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